Objective To examine the mediating effect of childhood abuse on sexual orientation disparities in tobacco and alcohol use during adolescence. Methods We carried out analyses with data from over 62,000 women in the ongoing Nurses' Health Study II cohort who provided information on sexual orientation, childhood abuse occurring by age 11, and tobacco and alcohol use in adolescence. We used multivariate regression analyses, controlling for confounders, to estimate the mediating effect of childhood abuse on the association between sexual orientation and tobacco and alcohol use in adolescence. Results Lesbian and bisexual orientation and childhood abuse were positively associated with greater risk of tobacco and alcohol use during adolescence. For lesbians, the estimated proportion of excess tobacco and alcohol use in adolescence relative to use among heterosexual women that was mediated by abuse in childhood ranged from 7 to 18%; for bisexual women, the estimated proportion of excess use mediated by abuse ranged from 6 to 13%. Conclusions Elevated childhood abuse in lesbian and bisexual women partially mediated excess tobacco and alcohol use in adolescence relative to heterosexual women. Interventions to prevent child abuse may reduce sexual orientation disparities in some of the leading causes of cancer in women.
Introduction
Tobacco and alcohol use in women have been linked with myriad cancers, including ovarian, breast, endometrial, head and neck, liver, and colorectal cancers [1] [2] [3] [4] [5] [6] [7] [8] . Attention to use of these substances in adolescence is critical to cancer prevention efforts because (1) the vast majority of adult smokers and drinkers began their tobacco and alcohol use in adolescence [9] ; and (2) early onset of tobacco use has been found to exacerbate risk of breast and aerodigestive tract cancer in smokers [2, 10] , and alcohol consumption during adolescence has been associated with heightened risk of breast cancer [11, 12] . Considerable evidence indicates that lesbian and bisexual women have higher rates of both tobacco and alcohol use than heterosexual women [13] [14] [15] [16] [17] [18] [19] [20] , but the reasons underlying these cancer risk factor disparities are not well understood [21] . Identifying the determinants of these disparities will inform effective prevention and treatment initiatives to reduce tobacco and alcohol use in lesbian and bisexual women.
Findings from representative samples consistently have documented higher risk of tobacco [16, 17, 19] and alcohol [15, 17, 18] use in lesbian and bisexual compared to heterosexual women. In our team's prior work with the Nurses' Health Study (NHS) II, an ongoing prospective cohort of almost 120,000 female registered nurses living throughout the United States, we found similarly elevated rates of both tobacco and alcohol use in lesbian and bisexual women relative to heterosexual women [20] . Sexual orientationrelated disparities in cancer risk behaviors observed in adulthood have been shown to emerge in adolescence [22] [23] [24] . Analyses of data gathered through the Massachusetts and Vermont Youth Risk Behavior Survey (YRBS) conducted in high schools statewide found pronounced sexual orientation group differences in both tobacco and alcohol use: 26% of lesbian and bisexual girls in grades 9 through 12 reported smoking more than half a pack of cigarettes per day and 19% reported drinking alcohol one or more times per day, compared to 6 and 5%, respectively, for each behavior, among heterosexual girls [22] .
Despite well-documented disparities in these critical cancer risk behaviors, it is not yet known why these disparities exist. Violence victimization in childhood may be an important contributor, as childhood victimization has been strongly linked with subsequent tobacco and alcohol use [25, 26] . Substance use may be an unhealthful coping strategy adopted in response to distress resulting from violence victimization [27, 28] , and emotional distress has been prospectively associated with increased risk of tobacco and alcohol use [29, 30] . Accumulating evidence indicates that lesbian and bisexual females are significantly more likely than heterosexual females to report histories of childhood physical and sexual abuse [31] [32] [33] [34] [35] [36] . In NHSII, the proportion of women experiencing physical abuse victimization in childhood before age 11 years was higher for lesbian (47%; risk ratio [RR] 1.3; 95% CI 1.1, 1.4) and bisexual (42%; RR 1.1; 95% CI 0.9, 1.3) women than for heterosexual women (38%) [35] . Rates of childhood sexual abuse were also elevated: 34% (RR 1.6; 95% CI 1.5, 1.9) of lesbian and 35% (RR 1.7; 95% CI 1.4, 2.0) of bisexual women in NHSII reported childhood sexual abuse occurring by age 11 years when compared to 21% of heterosexual women.
The Massachusetts and Vermont YRBS study mentioned earlier found that lesbian and bisexual high school girls who reported high levels of victimization at school were at higher risk of cigarette and alcohol use than were similarly victimized heterosexual girls, yet among girls who reported low levels of victimization at school, lesbian, bisexual, and heterosexual girls showed similar risk of tobacco and alcohol use [22] . Two studies in samples of lesbian and bisexual women (without a heterosexual comparison group) have shown associations between sexual abuse in childhood and psychological distress in adulthood, early onset drinking behavior, and alcohol dependence [37, 38] . However, as these two studies excluded heterosexual women, it was not possible to examine if sexual orientation minority vs. majority differences in childhood abuse history explained sexual orientation disparities in alcohol use. A study by Matthews et al. found lesbians reported higher rates than heterosexual women of depressive distress in adulthood in addition to higher rates of sexual abuse victimization before age 15 years, but researchers did not find abuse history to mediate the sexual orientation-depressive distress association; links between abuse history and tobacco and alcohol use were not assessed in this study [33] .
Clear disparities in cancer risk behaviors and violence victimization have been documented in comparing lesbian and bisexual women to heterosexual women, but few studies have brought the two domains together to assess the possible contribution of violence victimization in childhood to disparities in onset of cancer risk behaviors in adolescence. In the current study, we examined the role of physical and sexual childhood abuse in subsequent tobacco and alcohol use in adolescence among lesbian, bisexual, and heterosexual women in NHSII. Specifically, we hypothesized that childhood abuse victimization would partly mediate associations between minority sexual orientation and elevated tobacco and alcohol use in early and middle adolescence.
Methods

Study population
NHSII began in 1989, when baseline questionnaires were sent to approximately 520,000 registered nurses from 14 populous US states, and 116,608 women aged 25-42 years were enrolled in the study. Returning a completed questionnaire was considered an indication of consent to participate in the study. The cohort has been followed with biennial questionnaires assessing risk factors and disease incidence [39] . In 2001, a supplemental violence victimization questionnaire was mailed to 91,286 women in the cohort, excluding those who had previously requested short-form questionnaires only or those who required more than four mailings before responding to the previous biennial follow-up questionnaire in 1999; 68,505 women returned the questionnaires, with a 75% response rate [40] . This study was approved by the institutional review board at Brigham and Women's Hospital and the Human Subjects Committee at the Harvard School of Public Health.
Measures
Outcome variables
For tobacco use outcomes, smoking by age 14 years and smoking between ages 15 and 19 years were measured. In the baseline questionnaire, women were asked whether they had smoked 20 packs of cigarettes in their lifetime. If they answered ''yes,'' they were asked about the average number of cigarettes smoked per day: (a) by 14 
Predictor variables
To assess sexual orientation identity, we used an item added to the questionnaire in 1995. The item read: ''Whether or not you are currently sexually active, what is your sexual orientation or identity? (Please choose one answer),'' with response options: ''(1) Heterosexual, (2) Lesbian, gay or homosexual, (3) Bisexual, (4) None of these, (5) Prefer not to answer.'' In this study, we included the participants who reported their identity as heterosexual; bisexual; or lesbian, gay, or homosexual.
The 2001 NHSII supplemental questionnaire included validated self-report measures assessing physical and sexual abuse experienced in childhood occurring up to age 11 years. Important for establishing temporal precedence, exposure to childhood abuse occurred before adolescent substance use outcomes. Physical abuse was assessed with five items adapted from the nine-item Physical Assault Subscale of the Revised Conflict Tactics Scale (CTS2) [41] . On the NHSII questionnaire, the items were preceded by the clause: ''When you were a child (up to age 11 years), did your parent, step-parent or adult guardian ever,'' which was followed by five items: ''Push, grab, or shove you,'' ''Kick, bite, or punch you,'' ''Hit you with something that hurt your body,'' ''Choke or burn you,'' and ''Physically attack you in some other way.'' Response options were: ''Never,'' ''Once,'' ''A few times,'' and ''More than a few times.'' A categorical childhood physical abuse severity scale was created with a minimum score of 0 = no physical abuse, 1 = mild physical abuse (defined as being pushed, grabbed, or shoved at any frequency or being kicked, bitten, or punched once or hit with something once), 2 = moderate physical abuse (defined as being hit with something more than once or physically attacked once), and 3 = severe physical abuse (defined as being kicked, bitten, or punched or physically attacked more than once or ever choked or burned). Those who experienced more than one category of abuse were classified in the more severe category.
Sexual abuse was assessed with four items adapted from a national survey conducted by the Gallup Organization assessing prevalence of abuse [42, 43] . An item on unwanted touching asked, ''When you were a child (up to age 11 years), were you ever touched in a sexual way by an adult or an older child or were you forced to touch an adult or an older child in a sexual way when you did not want to?'' An item on forced sexual activity asked respondents, ''When you were a child (up to age 11 years), did an adult or older child ever force you or attempt to force you into any sexual activity by threatening you, holding you down or hurting you in some way when you did not want to?'' Exposure to sexual abuse during childhood was categorized into three groups: 0 = no experience of abuse, 1 = being touched in a sexual way, or 2 = being forced or attempted to be forced into sexual activity.
Other covariates
Potential confounders were identified based on the theoretical and empirical literature. Based on prior research in NHSII [20, 40] indicating that sexual orientation and tobacco and alcohol use differ by age, race/ethnicity, region of residence at age 15, and parental smoking during childhood, we considered these variables as potential confounders. Indicators of the childhood psychosocial environment, such as socioeconomic status (SES), have been linked to earlier smoking onset [44] and to exposure to violence [45] , and thus we also considered mother's education level as a potential confounder.
Statistical analyses
For our primary analyses, we evaluated sexual orientation group differences for each binary outcome (smoking by age 14, smoking during ages 15-19, drinking during ages 15-17 years), comparing lesbian and bisexual women to heterosexual women as the reference group using the SAS statistical package (version 9.1, SAS Institute, Cary, NC). We calculated multivariate-adjusted relative risks (RRs) and 95% confidence intervals (CIs), controlling for confounders as described earlier using log-binomial regression [46] . We first estimated the association between sexual orientation and each binary outcome (base models). Next, we added to the models predictor terms indicating physical and sexual abuse during childhood occurring by age 11 years to evaluate the potential mediating effect of childhood abuse on the association between sexual orientation and tobacco use and sexual orientation and alcohol use (abuse-adjusted models). To do so, we calculated the mediation proportion and its 95% CI [47] using the publicly available % Mediate macro designed by our group (http://www.hsph.harvard.edu/faculty/spiegelman/mediate. html). The mediation proportion is the proportion of excess tobacco or alcohol use in adolescence by lesbian and bisexual women relative to heterosexual women that can be attributed to elevated rates of child abuse victimization in lesbian and bisexual women.
We also carried out three sets of multivariate linear regression analyses for the ordinal outcomes, controlling for confounders as described earlier, focused on the amount of tobacco and alcohol use. These analyses were restricted to the subset of participants who reported engaging in tobacco and alcohol use in adolescence. Base models adjusted for confounders as described earlier, and, then in abuse-adjusted models, we examined to what degree childhood abuse victimization contributed to any observed sexual orientation group differences in the amount of tobacco and alcohol used. As with our primary analyses, for these subanalyses, we calculated the proportion of the excess amount of tobacco and alcohol use in adolescence in lesbian and bisexual women relative to heterosexual women that may be mediated by elevated rates of childhood abuse. All p-values are two-sided.
Sample sizes included in analyses in this study differed by outcome. Of the 68,505 women who responded to the violence questionnaire, 63,376 also responded to the item on sexual orientation included on the 1995 NHSII questionnaire. Of these women, 358 were excluded because they responded ''Prefer not to answer'' or ''None of these'' to the sexual orientation item, and 350 were excluded for missing information on abuse during childhood, leaving us with a sample of 62,668 women for analyses of smoking by age 14 and smoking during ages [15] [16] [17] [18] [19] . For analyses of alcohol use during ages 15-17 years, we further excluded 464 participants who were missing alcohol use data, leaving us with a sample of 62,204 women. For analyses of number of cigarettes smoked per day, we included only those who smoked by age 14 years (n = 2,972) or who smoked during ages 15-19 years (n = 14,320). For analyses of number of grams of alcohol consumed per day, we included only those who drank alcohol during ages 15-17 years (n = 14,100).
Results
In our study, 98.8% of the participants self-identified as heterosexual (n = 61,955), 0.3% as bisexual (n = 221), and 0.8% as lesbian (n = 492). Participants were mostly of non-Hispanic white race/ethnicity (94.6%) ( Table 1) . Table 1 shows the prevalence of potential confounders and physical and sexual abuse victimization in childhood, by sexual orientation group. As shown previously [35] , lesbian and bisexual women were more likely than heterosexual women to report physical and sexual abuse occurring by age 11 years. Tobacco and alcohol use in adolescence also differed significantly across sexual orientation groups (Table 2 ). Both lesbian and bisexual women were more likely to begin smoking by age 14 and more likely to smoke at ages 15-19 years than were heterosexuals. We observed similar differences by sexual orientation group for alcohol use at ages 15-17 years. Among the subset who reported smoking in adolescence, bisexual women smoked more cigarettes per day at ages 15-19, but not by age 14, compared to heterosexual women; whereas, lesbians smoked fewer cigarettes per day by age 14 but smoked more cigarettes per day at ages 15-19, compared to heterosexual women. Among the subset who reported drinking alcohol in adolescence, lesbian but not bisexual women consumed more grams per day of alcohol at ages 15-17 than did heterosexual women.
Physical and sexual abuse occurring by age 11 were positively associated with subsequent risk of tobacco and alcohol use as well as higher amounts of use in adolescence for women in all sexual orientation groups, controlling for confounders (base models in Tables 3, 4 , and 5). In Tables 3 and 4 , comparing abuse-adjusted multivariate regression models to base models for the four tobacco outcomes, it was apparent that the addition of abuse history to models moderately attenuated effect estimates for lesbian and bisexual orientation in all models except in the one estimating number of cigarettes smoked per day by lesbians by age 14. For the two alcohol outcomes, addition of the abuse terms to the base model also resulted in attenuation of sexual orientation effect estimates (Table 5 ).
There was evidence of statistically significant mediation of the sexual orientation disparities in substance use by exposure to child abuse. For lesbians, the estimated proportion of excess tobacco and alcohol use in adolescence relative to use among heterosexual women that was mediated by abuse in childhood ranged from 7 to 18% across the different outcomes; for bisexual women, the estimated proportion of excess use mediated by abuse ranged from 6 to 13% across the different outcomes (p-values \ 0.05; Tables 3, 4, and 5).
Discussion
Tobacco and alcohol use have been consistently identified as major causes of cancer. Early onset of these behaviors is of particular concern because use in adolescence may further increase cancer risk [2, 8, [10] [11] [12] and is a predictor of continued use into adulthood [9] . Studies with representative samples as well as other large cohort studies of youth have shown higher rates and earlier onset of smoking and alcohol use in sexual orientation minority vs. majority [25, 26] and suggests that coping with emotional distress may be an important factor underlying elevated substance use in women with a history of victimization [27, 28] . Previous work suggested a link between childhood abuse, emotional distress, and substance use in lesbian and bisexual women [33, [36] [37] [38] , although abuse had not been directly tested as a mediator of sexual orientation group disparities in substance use. Our findings provide estimates of the degree to which elevated rates of childhood victimization may contribute to subsequent excess tobacco and alcohol use in early and middle adolescence in lesbian and bisexual women.
Our study focused specifically on the mediating effect of childhood abuse on adolescent tobacco and alcohol use and did not examine the additional effects of continued or new onset victimization in adolescence on substance use. In the NHSII cohort, we have previously documented greater chronicity of abuse in childhood and adolescence and higher risk of revictimization in adolescence in lesbian and bisexual women compared to heterosexual women [35] . Future studies will need to investigate whether and to what degree cumulative and chronic victimization may further contribute to excess tobacco and alcohol use in later adolescence and adulthood in these populations.
It is important to note that we found the majority of excess tobacco and alcohol use in early and middle adolescence in lesbian and bisexual women was not mediated by disparities in childhood abuse nor explained by other known confounders considered in our models. Further research is needed to identify additional factors such as parental, sibling, and peer alcohol use, parental mental health, peer tobacco use, and cumulative and chronic victimization that may contribute to observed sexual orientation disparities in these critical cancer risk behaviors. In addition, it is possible that the types of factors contributing to tobacco and alcohol use disparities or the relative contribution of these factors may differ for lesbian vs. bisexual women. For instance, while for lesbians, all estimated mediated proportions were statistically significant, for bisexual women, only three estimated proportions reached significance and the magnitude of the estimated proportions appeared to differ for lesbians compared bisexual women in some cases. These apparent subgroup differences may simply be due to instability in estimates resulting from the small sample size of the bisexual group, or they may be due to true differences in the experiences of lesbian and bisexual women. Further research will need to Moderate physical abuse 
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Sexual abuse-forced investigate similarities and differences in the exposures and health outcomes in these groups. There are several limitations to our study. NHSII is a not a representative sample and has limited socioeconomic diversity, as all participants were registered nurses at the time of enrollment. In addition, sexual orientation was assessed when the participants were adults, thus we do not know how they would have reported their orientation in adolescence, and due to small subsample sizes, we were not able to examine whether sexual orientation-related disparities vary by race/ethnicity. Though we do have information on the timing of abuse as occurring in childhood by age 11 years, we do not have data on the exact age of onset of tobacco or alcohol use. It is possible that for some women, their tobacco or alcohol use preceded the onset of childhood abuse, though we believe this may be a rare situation in our cohort because of the low rates of substance use by girls during the historical period of our participants' youth. NHSII participants, whose ages ranged from 25 to 42 years at baseline in 1989, were age 11 years between 1958 and 1975. During this historical period in the United States, less than 0.01% of girls initiated smoking [51] and 7.6% had ever tried alcohol [52] by age 11 years. Therefore, in the majority of cases, it is likely that substance use onset was subsequent to reported victimization, a temporal association that is important for causal inference.
Items used to measure frequency of tobacco use could also have affected our results. Models of victimization and tobacco use were restricted to individuals who reported having smoked 20 or more packs of cigarettes in their lifetime [53] . As a consequence, adolescent smokers who went onto smoke 20 or more packs in their lifetimes were identified as smokers, but those who simply experimented with tobacco in adolescence and then remitted without having reached 20 packs were coded as non-smokers for our analyses. Therefore, we were not able to examine the association between childhood abuse victimization and risk of experimenting with cigarettes. That said, sustained and heavy tobacco use is of far greater cancer risk than shortterm light exposure to tobacco, so our analyses are focused on use associated with substantial cancer burden. Retrospective reporting of tobacco and alcohol use and of child abuse history could also have contributed to underestimates of rates of each.
A strength of our cohort is that selection of participants was independent of sexual orientation, which eliminates bias related to recruitment based on self-identification as lesbian or bisexual and enhances internal validity. In addition, our sample includes a relatively large number of women compared to most other studies of sexual orientation and cancer risk factors, which allowed us to examine patterns in bisexual and lesbian women separately. Another strength of our analysis was our ability to establish that physical and sexual victimization occurred in childhood by age 11, before the likely age of onset of tobacco and alcohol use in most cases, thus allowing us to conduct mediation analyses and to quantify the proportion of excess tobacco and alcohol use in adolescence attributable to sexual orientation-related disparities in child abuse victimization.
A range of documented cancer risk disparities adversely affect lesbian and bisexual women, but to date, little is known about the causes of these differences in cancer risk behaviors. Our study indicates that child abuse victimization is one important contributor to elevated cancer risk behaviors in lesbian and bisexual women. Interventions designed to prevent child abuse may also help to reduce the behavioral sequelae of abuse, such as tobacco and alcohol use, which are among the leading causes of cancer in women. As childhood abuse was found to only partly mediate excess tobacco and alcohol use in adolescence in these vulnerable populations, it will be vital for future research on the health of lesbian and bisexual women to continue the critical work of identifying the determinants of disparities observed across multiple cancer risk domains to inform effective cancer prevention interventions.
